For epidemiological studies, a simple semiquantitative FFQ was developed to assess the frequency of intake of food items demonstrated with graphically displayed portion sizes. As a validation study, a random sample of 393 participants in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam Study completed 2 unannounced 24-h dietary recalls (24HDR) and the FFQ during 1 y. To calculate food and nutrient intakes, we compared the use of fitted portion sizes with the use of predefined portion sizes. Fitted portion sizes were calculated by summing food intakes over the 2 24HDR and dividing the sum by the frequency of intake reported in the FFQ for each FFQ food item, leading to similar mean intakes for FFQ and 24HDR. As predefined portion sizes, amounts that had been used in previous dietary assessments in EPICPotsdam were used. Mean intake of 12 food groups was 102% for men or women with fitted portion sizes and 79% for men and 95% for women with predefined portion sizes of intake measured with 2 24HDR. However, deattenuated, energyadjusted correlation coefficients between FFQ and 24HDR were not better for 19 nutrients by the use of fitted portion sizes, with a mean correlation coefficient of 0.53 for men and 0.56 for women. Mean correlation coefficients for food groups also were similar for fitted and predefined portion sizes. Fitting portion sizes using recent reference data from a random sample of study participants improved the quantitative assessment of food and nutrient intake, but not ranking of study participants, compared with predefining portion sizes based on prior knowledge.
Introduction
Cost effectiveness and suitability for self-administered use rendered the FFQ the primary dietary assessment tool in largescale epidemiological studies. The ability of FFQ to measure dietary intake has recently been challenged (1) (2) (3) and its demonstrated and highly debated limitations call for improvements in methodology (4) (5) (6) (7) . So far, however, its practicability made the development of an alternative tool difficult.
The prospective design of studies using active follow-up procedures provides a unique opportunity to obtain several measurements of diet over time. The use of repeated dietary measurements has been shown to provide stronger associations and narrower CI than single measurements (8) . However, comprehensive dietary assessment is a methodological challenge, because total and partial nonresponse to FFQ have to be largely precluded to minimize loss to follow-up. A dietary assessment instrument minimizing respondent burden therefore seems advantageous.
For the repeated dietary assessment in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam Study, a simple FFQ with low respondent burden was developed. To improve FFQ methodology, 2 different concepts to implement portion sizes were applied and compared regarding measurement of absolute intake and ranking of study participants.
Materials and Methods
FFQ development. The simple FFQ was developed using EPICPotsdam baseline dietary data (9) . The food item list was based on 2 different data sources: 1) the dietary measurement using the initial FFQ, which inquired about frequency and the amount of 148 food items consumed (10) (11) (12) ; and 2) 24-h dietary recall (24HDR) information of a random sample of the cohort taken at baseline (13) . Informative foods reflecting variation in intake were selected by linear regression for 19 target nutrients and 8 major food groups (14, 15) , because the main purpose of the FFQ was to reflect the ranking of study participants. Nevertheless, few additional food items were included based on the average contribution of foods to the total intake of the target nutrients (16) . The final food list for the FFQ, which inquired about consumption during the previous year, contained 102 food items, 11 of which had not been included in the previous FFQ.
We adopted a semiquantitative style, assessing frequencies of food intake but not individual portion sizes. Previously, our group showed that questions about individual portion sizes were of minor importance to assess variation in intake (17) . Accordingly, participants were asked to report the frequency of consumption of 1 graphically displayed portion for most food items. Furthermore, for the simple FFQ, we adopted a nongrid format with questions and answers that appeared as a unit for every food item. Research has suggested this format is cognitively easier for respondents (18, 19) . In a pilot study including 512 EPIC-Potsdam study participants, 94% of the simple FFQ were returned with 10 or fewer missing responses. During the subsequent follow-up of the total cohort in which the simple FFQ was applied, a response proportion of 93% was achieved.
Study design. At baseline between 1994 and 1998, 27,548 participants were recruited to the EPIC-Potsdam study (20) (21) (22) . Active follow-up using questionnaires is conducted approximately every 2 y (23). In 2004, 5673 study participants were scheduled to receive the simple FFQ. The questionnaire also inquired about current weight, height, and smoking status. For validation purposes, we used a random sample of 230 men and 230 women to provide 2 unannounced 24HDR, randomized over the year preceding administration of the FFQ (i.e. reflecting consumption habits during the time period also covered by the FFQ). We decided to use 2 24HDR rather than a larger number to minimize the interference with the routine follow-up and thereby decrease the chance of withdrawals from the study. Eighty-eight percent (n ¼ 406) of the participants agreed to answer a computer-assisted 24HDR (EPIC-Soft) (24) via telephone. A total of 393 participants (197 men and 196 women) completed both interviews and the FFQ at the end of the year. Missing answers in FFQ were identified and participants were contacted via telephone to complete all information.
Determination of portion sizes. Daily food intake in grams was calculated for each study participant based on the frequency reported in the FFQ and a portion size, which we assigned to food items. We compared 2 different approaches in assigning the portion size: a predefined portion size based on prior knowledge and a fitted portion size based on the 24HDR, which covered the same time period as the FFQ in this validation study. For predefined portion sizes, amounts were used that have already been used for the implementation of the baseline FFQ, or, for mixed dishes, median intakes in baseline 24HDR. To define fitted portion sizes, the average daily intake of each food item consumed in the recent 2 24HDR was summed separately for all men or women and divided by the summed frequencies of consumption per day reported in the simple FFQ. Therefore, by definition, the mean of the product of fitted portion size and frequency of intake approximated the mean intake measured in the reference 24HDR for each food item for men and women. Accordingly, based on our previous findings that sex-specific portion sizes provided little information on variation in intake, the predefined portion sizes were identical for men and women for each food item, whereas the fitted portion sizes differed between sexes.
Statistical analysis. We calculated the mean intakes and variances for the nutrients and food groups. We decomposed the variance assessed in the 2 reference 24HDR into inter-and intra-individual variance and report the SD of the mean derived from inter-individual variance along with the mean. To evaluate the ranking of study participants, Pearson correlation coefficients (r) were calculated, deattenuated (i.e. corrected for intra-individual variance) (25) , and energy adjusted applying the residual method (26) . Furthermore, food items have been grouped to key food groups for each nutrient by sex. For each nutrient, food items that had explained 80% or more of variance in nutrient intake in the baseline FFQ, as determined during the development of the new FFQ, were grouped. Subsequently, nutrient intakes were calculated based on their respective key food items only and deattenuated r with the 24HDR measurement were calculated.
All analyses were performed using SAS (version 9.1, SAS Institute).
Results
Men and women were 59 and 55 y old, respectively ( Table 1) .
The mean food intake measured by FFQ with fitted portion sizes was 102% of the intake measured with the reference 24HDR for men or women ( Table 2 ). In comparison, the implementation of predefined portions in FFQ resulted in a mean of 79% of intake measured with the 24HDR for men and 95% for women. Thus, underestimation with predefined portion sizes was considerably higher for men. The degree of underestimation with predefined portion sizes varied by food group and was largest for meat and meat products among men. Except for potatoes in both sexes and dairy products in women, the predefined portion size led to the calculation of smaller variances in intake, which was expected because the predefined portion size most often was smaller than the fitted portion size. For men, the deattenuated and energy-adjusted r for nutrient intake calculated with predefined portion sizes were higher than the respective r with fitted portion size for all but 4 nutrients ( Table 3 ). The mean deattenuated and energy-adjusted r for fitted portion sizes was 0.53. R based on key food items generally were not higher than deattenuated and energy-adjusted r but were higher than the r not adjusted for energy. For women, use of predefined portion sizes provided higher r than fitted portion sizes for 8 nutrients only. The mean deattenuated and energy-adjusted r was 0.56. R for nutrients based on key food items generally were not higher than deattenuated and energyadjusted r and did not exceed crude r for most of the nutrients.
Mean deattenuated r for food groups were 0.57 and 0.58 for fitted and predefined portion sizes in men, respectively, and 0.55 for both approaches to portion sizes in women ( Table 4) .
Discussion
Compared with the reference measurement with 24HDR, the use of fitted portion sizes by combining information from the FFQ and 24HDR provided quantitative estimates of nutrient and food intake of higher validity than those using predefined portion sizes. However, regarding correlation coefficients with the reference instrument, the use of fitted portion sizes did not clearly lead to improvements.
In general, FFQ alone were considered to obtain suboptimal quantitative measurements of intake. The use of standardization studies has been suggested to provide an estimate of the magnitude of dietary measurement error by providing a quantitative assessment of food consumption (27) (28) (29) . As shown, our FFQ alone, i.e. without the additional information of the reference 24HDR used to fit portion sizes, provided suboptimal measures of absolute intake too. Absolute intakes of food groups and nutrients were much more reasonable compared with our reference measurement after implementation of fitted portion sizes compared with predefined portion sizes. Although our instrument was designed to reflect the ranking of study participants, we also tried to obtain reasonable absolute intakes, because we think this will ease the communication of research findings. The ranking regarding single nutrients was affected because fitted portion sizes differed for men and women, but effects were marginal only and correlation coefficients with fitted portion sizes did not generally improve. The fitted portion sizes could be interpreted as weighting factors for food items, because food items were used to derive nutrient and broader food group intake. The use of the fitted portion sizes resulted in proportions of food items in broader food groups or nutrients that reflect proportions assessed in the reference data. Our selection of the predefined portion sizes was based on available information, i.e. dietary assessments in EPIC-Potsdam, and could therefore be argued as being arbitrary. If different amounts would have been specified a priori, different absolute intakes of food groups and nutrients would have been calculated. During the development of the questionnaire, however, predefining portion sizes following earlier definitions was the best possible procedure at that point, although these portion size estimates were more than 10 y old. There is evidence in the literature that usual portion sizes increased over time (30) , which could have affected our comparison. However, our study also suggests the use of recent reference data to specify portion sizes in the FFQ.
Correlation coefficients for foods and nutrients in other validation studies often ranged between 0.4 and 0.7 (18) . The correlation coefficients for our instrument mostly were within this range but generally moderate in magnitude. We also investigated if correlation coefficients for nutrients solely based on key food items were higher than correlation coefficients based on all food items. Crude correlations were higher for some nutrients, but after deattenuation and energy adjustment, this approach did not provide a better ranking of study participants. Overall, our simple FFQ is of reasonable validity for use in epidemiological studies. However, despite careful design, we were not able to derive an FFQ with much better measures of validity than FFQ usually obtain. We therefore are in favor of the concept of a ceiling of validity for FFQ (31) and suggest that future research explores other dietary assessment methods or combinations of methods for use in large epidemiological studies. A limitation of our study is the reference dietary measurement. We used repeated 24HDR measurements for the validation study based on the assumption that the 24HDR provide a reasonable quantitative assessment of dietary intake. However, besides the fact that errors in both instruments are considered correlated due to their retrospective nature, it has been shown that 24HDR largely underestimate dietary intake when compared with the gold-standard biomarkers for energy (doubly labeled water) and protein (urinary nitrogen) (3, 32) . Furthermore, we obtained only 2 24HDR for each study participant, which on the one hand resulted in high within-person variation in the reference measurement and on the other hand might have impaired the assessment of seasonal variation. However, we accounted for within-person variation in our statistical analysis and the randomized sampling procedure for the 24HDR resulted in an almost equal distribution across seasons.
A strength of our study was the assessment of 2 24HDR that allowed us to obtain an estimate of intra-personal variation. Eliminating the intra-personal variance component yielded an estimate of inter-personal variance that reflected variation of individuals' usual intake. Thus, we were able to compare the observed variance of FFQ data with variation of long-term dietary intake expected from our reference measurements.
In conclusion, the use of recent reference data from a validation study to fit portion sizes was useful to achieve dietary data with an FFQ interpretable on an absolute scale. The ranking of study participants for nutrient or food group intakes could not be improved by fitting portion sizes. We consider our simple FFQ with fitted portion sizes a cost-effective instrument of reasonable validity with the benefit of ease of use in large epidemiological studies.
